Abstract -The objective of this work was to identify factors associated with the 56-day non-return rate (56-NRR) in dairy herds in the Galician region, Spain, and to estimate it for individual Holstein bulls. The experiment was carried out in herds originated from North-West Spain, from September 2008 to August 2009. Data of the 76,440 first inseminations performed during this period were gathered. Candidate factors were tested for their association with the 56-NRR by using a logistic model (binomial). Afterwards, 37 sires with a minimum of 150 first performed inseminations were individually evaluated. Logistic models were also estimated for each bull, and predicted individual 56-NRR rate values were calculated as a solution for the model parameters. Logistic regression found four major factors associated with 56-NRR in lactating cows: age at insemination, days from calving to insemination, milk production level at the time of insemination, and herd size. First-service conception rate, when a particular sire was used, was higher for heifers (0.71) than for lactating cows (0.52). Non-return rates were highly variable among bulls. A significant part of the herd-level variation of 56-NRR of Holstein cattle seems attributable to the service sire. High correlation level between observed and predicted 56-NRR was found.
Introduction
Low fertility of dairy herds is one of the most frequent reasons for culling (Rocha et al., 2001) . Selection for milk yield and its negative genetic correlation with fertility traits has resulted in a downward genetic trend in the fertility of dairy cows (Wall et al., 2003; Pryce et al., 2004) .
The reproductive performance of a dairy herd has a significant effect on its profitability, since reproduction problems are followed by extra inseminations and veterinary treatment costs, prolonged calving intervals and greater rates of involuntary culling. To improve, or at least slow, the deterioration in fertility, more emphasis on this trait must be put during selection (Van Doormaal et al., 2007) . Insemination outcome depends on both female and male fertility, and determining which parameters to include in genetic evaluation is difficult.
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The non-return rate (NRR) is defined as the proportion of cows that are not subsequently re-bred within a specified period of time after an insemination. It can be adopted as an indirect indicator of fertility, and data can be quickly obtained at a reasonable collecting cost (Miglior et al., 1997) . Cow fertility changes with age, often depending on previous performance (Jansen et al., 1987) , environmental factors, such as herd management and temperature and humidity conditions, feeding practices or semen handling. Furthermore, the physiological status of virgin heifers is quite different from that of milking cows because stress from lactation and calving affects fertility traits (Miller et al., 2001) .
In this context, male fertility is also essential for cattle breeders, and they require means to select sires efficiently (Averill et al., 2004) . Despite of the low heritability estimates for reproductive traits (Pryce et al., 2004) , and the fact that it could be biased by environmental factors, studies suggest that some genetic variation exists that can potentially be used to improve reproductive performance or at least avoid its further deterioration through adequate bull choice (Averill et al., 2004) . Non-return rate is the most frequently used measure for male fertility, and bull evaluations for this trait have been officially published in the main cattle farming areas. Models for evaluating service sires for NRR have been studied by performing test inseminations in the field or assessing the penetration ability of spermatozoa (Taş et al., 2007; Van Doormaal et al., 2007; Africor-Lugo, 2009; Norman et al., 2009 ). Non-return rate is less biased by selection, as compared to other fertility traits (Andersen-Ranberg et al., 2005) , and may be used as a reliable indicator of the expression of bull fertility if the causes that influence it can be controlled (Miglior et al., 1997; Al Naib et al., 2011) , when the accuracy of data collection is high.
Assessment of bulls by means of NRR is an efficient tool when reproductive efficiency decreases (Clay & McDaniel, 2001) . Bulls vary in conception rates, and these data have been estimated and successfully used, fundamentally at 56 days post-insemination (56-NRR) (Andersen-Ranberg et al., 2005; Jamrozik et al., 2005; Van Doormaal et al., 2007; Sun et al., 2009) . However, no comprehensive study assessing this parameter from the same dataset has been published (Eghbalsaied, 2011) . Strong favourable genetic correlations between NRR and other reproductive traits, in both heifers and cows, pointed out that current inclusion of this trait in selection decisions could highly represent most of fertility traits (Eghbalsaied, 2011) . A method aimed to provide farmers and veterinaries with detailed information about NRR, together with a measure of their accuracy, would be an important tool for reproductive and genetic programs.
Galicia is the major cattle-farming region of Spain. It is responsible for 35% of the milk produced in Spain, constituting approximately 1.7% of the milk produced in the European Union. Decline in female fertility in this area, related to high milk production, has led to more emphasis on sire evaluations.
The objective of this work was to identify factors associated with the 56-day non-return rate (56-NRR) in dairy herds in the Galician region, Spain, and to estimate it for individual Holstein bulls.
Materials and Methods
Information was recorded from the Official Milk Recording system (AFRICOR-LUGO, 2009). Only records from Holstein dairy cows were used. The data of insemination performed with Holstein semen in the area during the period between September 1, 2008, and August 31, 2009, were gathered (76,440 records performed with Holstein doses; 19,354 were virgin heifers). For each inseminated cow, the following data were collected: insemination date, in order to evaluate possible influence of heat stress on fertility; age at the time of insemination; days from previous calving to insemination; previous calving difficulty; milk daily production at insemination; and size of the herd where the cow remains. These variables were evaluated as dependant variables for their influence on 56-NRR. Cows subjected to hormonal fertility treatment (i.e. synchronization strategies) were excluded. Descriptive analysis of the cows surveyed is shown in Table 1 .
The 56-NRR obtained for Holstein sires were also compared with data from cows inseminated with semen from different bull breeds (Limousine, Belgian Blue-White and Rubia Gallega -autoctonous breed from the Northwest Spain), since 16.9% of the first inseminations performed in Galician Holstein cows, during the experimental period, used beef bulls for mating. Holstein bulls, with a minimum of 150 insemination records and worldwide diffusion, were identified for their individual evaluations of 56-NRR after first service. Mean number of the first insemination Pesq. agropec. bras., Brasília, v.46, n.6, p.648-654, jun. 2011 records for these bulls was 300.10 (84.42 for virgin heifers, 166.49 for lactating cows). For insemination, semen packed into plastic straws and stored in liquid nitrogen at -196°C was used, holding 0.50 cm 3 of semen. Each straw contained around 10-15 million spermatozoa.
Regarding analysis, candidate variables were tested for their association with the 56-NRR by using a logistic model (binomial). Models were constructed introducing possible combinations of predicting variables (and first order interactions) until those that best explained the variance in the dependent variable (56-NRR) could be selected. Robust estimates of variance were applied to make adjustments within herd cluster effects. Nonreturn rate was defined as a binary trait, on the basis of whether (=1) or not (=0) the insemination had conceived the mate. The 56-NRR for individual bulls after first service was estimated with 95% confidence level. Error of the estimations, provided as measure of accuracy, was calculated as,
in which: Z α/2 is 1.96, for a 95% confidence level; p is the expected NRR for each bull (0.5 for a conservative estimation procedure); q is 1 -p; and n' is determined by n'= n(1 + ρ(m -1), in which n is the original sample size (number of first insemination records for each bull), ρ is the intra-cluster (intra-herd) correlation coefficient, and m is the mean number of records per herd for each bull.
Logistic models were also estimated for individual bulls, and predicted individual 56-NRR values were calculated as solution of the model when model parameters were applied to a mean cow, as indicated in Table 1 .
Results and Discussion
The logistic regression model found four major factors associated with the 56-NRR in lactating cows: age at insemination, days from previous calving to insemination, daily milk production level at the time of insemination and herd size. Previous calving difficulty and season of insemination were not significantly related to this parameter. Furthermore, 56-NRR slightly decreased when age, production level at insemination and herd size increased. Otherwise, it increased as days from previous calving to insemination increased (Table 2) .
Only age at the time of first insemination seemed to be associated with 56-NRR in nulliparous heifers. There was a trend for 56-NRR to be greater on older heifers, but the difference was not significant (p = 0.059). The observed effect of age on conception was different for nulliparous heifers and cows. Malhi et al. (2007) suggested that reduced developmental competence of oocytes from older cows could explain the decreased fertility observed in elder dams. Multiple calving with age is also related with delayed involution and declining uterine conditions for consecutive pregnancies, and represent major risks for poor postpartum fertility (Berglund, 2008) . However, older heifers that bred for the first time had a slightly higher rate of success for the first insemination (56-NRR), smaller number of services, shorter gestations, and smaller calves in both first and later parities (Jamrozik et al., 2005) . Older heifers are more likely to attain the target body height and weight for artificial insemination (AI), although too late insemination may also be responsible for the failure of AI, since heifers probably will have reduced fertility related to over-fat condition (Mekonnen et al., 2010) . Nonetheless, in the present study, the older heifer was inseminated at 20 months of age.
Calving to first insemination describes the ability of a cow to show estrus, while the NRR is related to the capacity of a cow to conceive when inseminated (Ben Jemaa et al., 2008) . This interval includes the average days lost by the voluntary and involuntary waiting periods. When the voluntary waiting period is short, the first conception rate can be lower. Post-partum negative energy balance is the most powerful factor in the inhibition of normal ovarian activity, especially if the body condition score of the cow is not adequate.
Conception rates improve as post-partum period passes, and cow recovers equilibrium, which allows for normal follicular growth and maturation (Bastin et al., 2010) .
Increasing milk production level was also related to a reduced 56-NRR (Table 2) . Selection process for milk yield increases blood concentrations of somatotropin and prolactin, stimulators of lactation, and decreased insulin, a hormone that is antagonistic to lactation and may be important for normal follicular development (LeBlanc, 2010) . Therefore, reproductive performance is compromised primarily through delayed ovarian activity and also reduced conception rates by high milk yield. An interaction between calving to first insemination interval and milk yield was expected to exist, but could not be observed in the present study. The effect of milk yield on 56-NRR should be different for cows with different calving-first insemination intervals. No collinearity problems were detected between other variables.
Data also indicates that large herds are more inclined to worsen 56-NRR (Table 2 ). It could be indirectly related to closer observation of cows, which is easier in smaller herds and result in a variability reduction of the interval between the onset and the estrus observation. Therefore, cows are more likely to be inseminated at the optimum time, improving reproductive performance (Pursley et al., 1998) . Large herds have a greater number of AI than small herds (Löf et al., 2007) . Herd size is also related to the management system and can be a useful additional information to make inferences about herd reproductive performance.
In case of heat stress, animals reduce both production and reproduction in order to adapt to the environment. The warmest month during the survey was June 2009, with mean maximum temperatures ranging from 19-23ºC, and mean relative humidity (RH) from 62-91% (Meteogalícia, 2010) . Upper critical temperatures for lactating cows can be as low as 24-27ºC, with high RH (Morton et al., 2007) . These temperatures could be reached inside the farms only occasionally. Probably, this is the reason for the lack of evidence for the association between 56-NRR and heat stress in the present study. Nevertheless, other works showed that environmental heat stress should not have a significant negative impact on conception in Holstein heifers (Roth, 2008) .
Dystocia was associated with reproductive tract abnormalities, which reduce fertility (Berglund, 2008) . Only 0.60% of the previous calving registered for the surveyed cows required surgical interventions (as caesarean or fetotomy) and, perhaps, the importance of this factor could not be fully clarified. However, results indicate that in the absence of major interventions, there were no differences between easy, slightly problematic or difficult calving in terms of success in the subsequent insemination.
The 56-NRR means observed in the present study, with inseminations performed with Holstein doses, were 0.71 for virgin heifers and 0.52 for cows. Nonreturn rate derived from inseminations done in the same period using semen from other breeds, for nulliparous heifers/milking cows, were respectively: 0.71/0.58, for Limousin; 0.75/0.52, for Belgian Blue-White; and 0.81/0.61, for Rubia Gallega. Lately, there has been an increased interest in crossbreeding dairy breeds, mainly due to low milk price in several countries, which has forced producers into using more beef sires to generate valuable beef cross calves, or due to insemination of Neospora/paratuberculosis-seropositive cows with beef bull semen to reduce the risk of rearing unhealthy heifers (Sørensen et al., 2008) . Knowing the potential fertility of possible crosses to be performed is an important factor to consider prior to the election of a particular breed. As expected, the 56-NRR of heifers and primiparous cows was higher than that of multiparous ones (Jamrozik et al., 2005; Soydan et al., 2009; Eghbalsaied, 2011) .
The 56-NRR estimates were highly variable among different sires, both for nulliparous heifers and lactating cows (Table 3) . Mean number of sire insemination records per herd was low and there was little clustering within herds. These results seem to indicate that a significant part of the herd-level variation of 56-NRR in Holstein cattle is attributable to the service sire. When logistic models were estimated for each bull, observed and predicted NRR values were quite similar, showing a high correlation level. Taking this into account, and despite the possible influence of other factors, which (1) N, number of records (first inseminations); h, number of herds; NRR, non-return rate; e, estimation error; pNRR, predicted NRR, which is the logistic model solution, estimated for each Holstein bull, when model parameters were applied to a mean cow (as indicated in Table 1) .
could affect NRR, data suggested a significant role of the sire on this parameter. The service bull's relative contribution to whether pregnancy will occur is considerable, although apparently low compared to the proportion of the phenotypic variation attributable to the additive genetic effects of the cow. Sires vary in conception rates, and frequent use of sub-fertile bulls affects the herd reproductive performance. The results should be interpreted taking into account that only bulls with satisfactory semen were used for AI; therefore, the present study did not include service bulls with inferior semen quality. In absence of bull fertility evaluations, farmers and technicians are unable to consider male fertility when making breeding decisions.
Conclusions
1. The reproductive performance in terms of the 56-day non-return rate (56-NRR) is associated with age at insemination, days from previous calving to insemination, milk production level at the time of insemination and herd size.
2. Previous calving difficulty and season of insemination are not significantly related to 56-NRR.
3. The ability to compare estimates of service bull fertility, already adjusted for systematic environmental effects, can be valuable in taking decisions in reproductive programs.
